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Figure 3. — A surface element on the boundary S(V) of an 
                     arbitrary space-time region V.



103NASA/TM—1998-208843

t

∆x/2 ∆x/2

∆t/2

n=0

n=1/2

n=1

n=3/2

n=2

j=0

j=1/2

j=1

j=3/2

∆t/2

x

j= -3/2

j= -1

j= -1/2

Figure 4. — The SEs and CEs. (a) The staggered space-time mesh. (b) SE(j,n). 
     (c) Alternative SE(j,n). (d) CE-(j,n). (e) CE+(j,n). (f) CE(j,n).

(j,n)

∆x/2 ∆x/2

∆t/2

∆t/2

(b)

(j,n)

(c)

(a)

AB

C D

(j,n)

(j-1/2,n-1/2)

(d)

A

D E

F
(j,n)

(j+1/2,n-1/2)

(e)

A
B

C
D

E

F
(j,n)

(j-1/2,n-1/2) (j+1/2,n-1/2)
(f)



104NASA/TM—1998-208843

Figure 5. — A spatial domain formed from congruent triangles, showing
         the spatial projections of the mesh points.
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Figure 6. — (a) The CEs associated with G´. (b) The CEs associated with C´´. (c) The relative
positions of the CEs of successive time steps.



106NASA/TM—1998-208843

(0, 0)

k

j
(3, –2)

(2, –2)

(1, –2) (2, –1)

(1, –1)

(0, –1)

(3, –1)

(4, –1)

(4, 0)

(3, 0)

(2, 0)

(1, 0)

(–1, 0)

(5, 0)

(–1, 1)

(3, 1)

(2, 1)

(1, 1)

(0, 1)

(–2, 1)

(4, 1)

(–2, 2)

(2, 2)

(1, 2)

(0, 2)

(–1, 2)

(–3, 2)

(3, 2)

(1, 3)

(0, 3)

(–1, 3)

(–2, 3)

(2, 3)

(0, 4)

(–1, 4)

(–2, 4)

(1, 4)

y

x

Figure 8. — The spatial mesh indices (j, k) of the mesh points e V1 
         (n = ±1/2, ±3/2, ±5/2, ···).

y

x

k

j

Figure 7. — The relative spatial positions of the mesh points 
         e V1 and the mesh points e V2 (dash lines are 
         spatial boundaries of the conservation elements 
         depicted in figs 10(a) and 11(a)).



107NASA/TM—1998-208843

(0, 0)

–

–

–

–

–

– –

–

2
3

,

1
3

,

4
3

,

7
3

,

10
3

,

5
3

,

k

j

7
3

, – 5
3

4
3

, – 2
3

1
3

, 1
3

– 4
3

5
3

, 7
3

8
3

,10
3

10
3

, – 5
3

7
3

, – 2
3

4
3

, 1
3

4
3

2
3

, 7
3

5
3

,10
3

10
3

, – 2
3

7
3

, 1
3

4
3

1
3

, 7
3

2
3

,10
3

1
3

, – 5
3

13
3

, – 2
3

10
3

, 1
3

4
3

4
3

, 7
3

1
3

, 10
3

2
3

, – 2
3

13
3

, 1
3

4
3

7
3

, 7
3

4
3

, 10
3

4
3

, – 5
3

1
3

, – 2
3

2
3

,– 1
3

– 4
3

8
3

, 7
3

5
3

, 1
3

2
3

,13
3

5
3

,13
3

–

–
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Figure 14. — The stability domain of the 2D a–scheme.

(0, 1.5)

nz

nh

(–1.5, 0)

(0, –1.5)

(1.5, 0)

(a)

(j +    , k +    , n –    )1
3

1
2

1
3

(j –    , k +    , n –      )2
3

1
3

(j, k, n)

(j +    , k –    , n –      )1
3

1
2

2
3

x

y

k

j

(b)

(j –    , k –    , n –    )1
3

1
3

1
2

(j –    , k +    , n –    )1
3

2
3

1
2

(j, k, n)

(j +    , k –    , n –    )2
3

1
3

1
2

x

y

k

j

1
2
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        (j – 2/3, k + 1/3, n – 1/2) and (j + 1/3, k – 2/3, n – 1/2) 
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        k + 2/3, n – 1/2) that belong to V2.



112NASA/TM—1998-208843

Figure 15. — Construction of the 2D a-e and a-e–a–b schemes. (a) (j, k, n) e V1. (b) (j, k, n) e V2.
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Figure 16. — Construction of the 2D Euler a-e and a-e–a–b schemes (m = 1, 2, 3, 4). 
       (a) (j, k, n) e V1. (b) (j, k, n) e V2.
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        CE/SE solvers. (a) (j, k, n) e V1. (b) (j, k, n) e V2. 
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Figure 19. — The functions xr(e), r = 1, 2, 3. 
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Figure 22. — The numerical and analytical domains of dependence
          associated with the 2D a-scheme.
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Figure 23. — The numerical and analytical domains of dependence
          associated with the 2D CE/SE Euler solvers.

J



This publication is available from the NASA Center for AeroSpace Information, (301) 621–0390.

REPORT DOCUMENTATION PAGE

2. REPORT DATE

19. SECURITY CLASSIFICATION
 OF ABSTRACT

18. SECURITY CLASSIFICATION
 OF THIS PAGE

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA  22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC  20503.

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. Z39-18
298-102

Form Approved

OMB No. 0704-0188

12b. DISTRIBUTION CODE

8. PERFORMING ORGANIZATION
 REPORT NUMBER

5. FUNDING NUMBERS

3. REPORT TYPE AND DATES COVERED

4. TITLE AND SUBTITLE

6. AUTHOR(S)

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT

13. ABSTRACT (Maximum 200 words)

14. SUBJECT TERMS

17. SECURITY CLASSIFICATION
 OF REPORT

16. PRICE CODE

15. NUMBER OF PAGES

20. LIMITATION OF ABSTRACT

Unclassified Unclassified

Technical Memorandum

Unclassified

National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio  44135–3191

1. AGENCY USE ONLY  (Leave blank)

10. SPONSORING/MONITORING
 AGENCY REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

National Aeronautics and Space Administration
Washington, DC  20546–0001

December 1998

NASA TM—1998-208843

E–11456

WU–538–03–11–00

125

A06

The Space–Time Conservation Element and Solution Element Method—A New High–
Resolution and Genuinely Multidimensional Paradigm for Solving Conservation Laws
I. The Two-Dimensional Time Marching Schemes

Sin-Chung Chang, Xiao-Yen Wang, and Chuen-Yen Chow

Space-Time; Flux conservation; Conservation element; Solution element; Shocks;
Contact discontinuities

Unclassified -Unlimited
Subject Categories: 34, 59 and 61 Distribution:   Nonstandard

A new high resolution and genuinely multidimensional numerical method for solving conservation laws is being devel-
oped. It was designed to avoid the limitations of the traditional methods, and was built from ground zero with extensive
physics considerations. Nevertheless, its foundation is mathmatically simple enough that one can build from it a coherent,
robust, efficient and accurate numerical framework.  Two basic beliefs that set the new method apart from the established
methods  are at the core of its development. The first belief is that, in order to capture physics more efficiently and
realistically, the modeling focus should be placed on the original integral form of the physical conservation laws, rather
than the differential form. The latter form follows from the integral form under the additional assumption that the physical
solution is smooth, an assumption that is difficult to realize numerically in a region of rapid change, such as a boundary
layer or a shock. The second belief is that, with proper modeling of the integral and  differential forms themselves, the
resulting numerical solution should automatically be consistent with the properties derived from the integral and differen-
tial forms, e.g., the jump conditions across a shock and the properties of characteristics. Therefore a much simpler and
more robust method can be developed by not using the above derived properties explicitly.

Sin-Chung Chang, NASA Lewis Research Center. Xiao-Yen Wang, Department of Aerospace Engineering and Mechanics,
University of Minnesota, Minneapolis, Minnesota 55455; Chuen-Yen Chow, Department of Aerospace Engineering and
Science, University of Colorado at Boulder, Boulder, Colorado 80309-0429;   Responsible person, Sin-Chung Chang,
organization code 5880, (216) 433-5874.


